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Develop Motion Planning Algorithms for 
MCM by Autonomous Vehicle Teams
• Approach: Generalized Optimal Control 
(GenOC)
• Model-based framework incorporates vehicle 
dynamics, sensor performance, target uncertainty, 
and resource constraints.
• Objective functions are based on search theory.
• Numerically computes vehicle trajectories that 
minimize probability of not detecting mines 
(MCM risk).
• Solving inverse problems can identify optimal 
sensor or vehicle team configurations for MCM.
Autonomous Mine Countermeasures (MCM) Concept 
(Source: NSWC—Panama City Division)
Sonar Detection Mission 
Planning Tool
Research Questions
• The U.S. Navy has a continuing need to develop 
capabilities for a faster, more effective DCL, RID, 
and mine neutralization timeline for MCM forces.
• Increasingly capable sensor platforms introduce 
tradeoffs between wider coverage and higher 
fidelity, a challenge of exploration vs. exploitation.
• The advent of multiple heterogeneous vehicle 
platforms and sensors makes optimal asset 
allocation a question of quantity, time, and type.
Key Mission Planning Findings
• Under time or resource constraints, GenOC 
sensor-based trajectories outperform 
conventional lawnmower search patterns 
• In many cases, it is possible to find a lawnmower 
lane spacing value that achieves the GenOC 
optimal performance benchmark.
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Performance of optimized lawnmower spacing vs. 
GenOC trajectories for time-limited survey missions.
Models and GenOC Problem Formulation
• Physics-based sonar detection models incorporate signal 
excess, three-dimensional geometry, and platform motion:
‒ Forward Looking Sonar (FLS)
‒ Sidescan Sonar
• Autonomous vehicle classes:
‒ SeaFox USV
‒ REMUS 100 AUV
• Target probability distributions for MCM missions:
‒ Detection, Classification, and Localization (DCL)
‒ Reacquisition and Identification (RID)GenOC computes optimal search trajectories for a given sensor or vehicle team configuration







MCM Risk by Sonar Type vs. Number of Vehicles








Monte Carlo Analysis Can Solve Inverse Problems 
Source: Shafer et al. (2008)
